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ABSTRACT 
Tornado warning lead time is the amount of time between the issuance of a tornado warning and 
an actual tornado report. Tornado warning lead times have been declining recently, even though 
there have been significant changes in forecasting during this time. The goal of this research was 
to see if lengthening tornado warning lead times to greater than 30 minutes is plausible. To 
accomplish this research, both cases of verified and unverified tornado warnings were analyzed. 
Each verified tornado warning was designated a storm type, (supercell, quasi-linear convective 
system and unknown).  Next, radar analysis of verified tornado warnings was used to determine if 
a tornado will be verified based upon its forecasted development. Along with examining verified 
tornado warnings, cases of 30-minute tornado warning durations without a verified tornado were 
studied to determine if the decrease of those reports showed a trend in lengthening lead times 
leading to more verified tornadoes.  After the analysis of both verified and unverified tornado 
warnings, our research found that 30-minute or longer lead times work the best with supercells. 
However, the same conclusion could not be said from the other storm types. Also, our research 
concluded that there is not enough confidence to validate that the number of unverified tornado 
warnings will decrease in the future. Therefore, lengthening tornado warning lead times to at least 
30 minutes is a mere suggestion at this point. 
 
 
 
______________________________________________________________________________
1.  Introduction and Background 
Tornado warning lead time is defined by the 
amount of time between when a tornado 
warning was issued to the time a verified 
tornado has been reported. Forecasters have 
the task of forecasting the development of 
storms that may produce a tornado and 
determining if lengthening the lead time to 
over at least 30 minutes would conclude with 
the storm producing a verified tornado. 
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Forecasters have been dealing with declining 
tornado warning lead times dating back to 
1996 (Bieringer and Ray 1996). 
In 1996, National Weather Service offices 
began to update their systems to WSR-88 
weather radars with the hope of increasing 
the amount of lead time given to the public 
for tornado warnings (Bieringer and Ray 
1996). During 2000-2004, roughly 10% of all 
tornado warnings were issued simultaneously 
while the tornado was forming or right before 
the tornado had begun to dissipate (Brotzge 
and Erickson 2009). Thus in 2007, the 
National Weather Service changed from a 
county-based warning system to a storm-
based warning system believing this would 
solve the problem of short lead times. 
However, this did not improve the amount of 
lead time for tornado warnings (Sutter and 
Erickson 2010). The storm-based warning 
system causes some tornado warnings to 
receive either a “zero” or “negative” lead 
time. Tornado warnings issued while a 
tornado is forming is a “zero” lead time, 
whereas a tornado warning issued while the 
tornado is dissipating is considered to be a 
“negative” lead time. Tornado warning lead 
times have been affected by geographic 
location, time of day, time of year, and more 
importantly the forecasted development 
(Brotzge and Erickson 2009).  
Even though the lead times have decreased in 
recent years to as low as eight minutes 
(Samenow 2017) (Figure 1), the preferred 
lead time is still 17 minutes for places like 
schools or hospitals (Ewald and Guyer 2002). 
While 30-minute tornado warning lead times 
may become standard, a study in 2002 
suggested, "Anything longer than 30 
minutes, people get agitated and stressed” 
(Ewald and Guyer, 2002). However, in 2011, 
Hoekstra et al. (2011) surveyed the general 
public and found that of the people who took 
part preferred a tornado warning lead time 
around approximately 34 minutes. 
 
 
Figure 1-Shows the trend in tornado warning lead 
time between 2005-2015. By 2015, tornado warning 
lead time is only around eight minutes (Samenow 
2017). 
The average length of a tornado warning is 41 
minutes, therefore given the results of 
Hoekstra et al. (2011) survey the preferred 
lead time of 34 minutes would be reasonable 
given the length of an average tornado 
warning.  Forty-one minutes is a lengthy 
amount of time considering tornado warnings 
are based on observed weather information, 
such as radar scans, and not forecasted 
weather information based on the forecasting 
models (Hoekstra et al. 2011). However, in 
the past decade, there have been at least two 
instances in which tornado warnings have 
been issued using the forecasted development 
of the storm as the reasoning behind the 
warning, thus giving them over 30 minutes of 
lead time.  
On April 13th, 2012, a forecasted tornado 
outbreak in Coppel, TX allowed places to 
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receive over 30 minutes of lead time. The 30 
minutes of lead time that this storm received 
caused backlash because the storm that 
warranted the warning did not produce a 
verified tornado (Gaffner 2015). After this 
event, Gaffner (2015) introduced a new 
product called Tornado Vision warnings 
(Figure 2). Tornado Vision Warnings can 
give a better understanding of places that 
need to seek immediate shelter (Gaffner 
2015). Although this product does provide a 
good idea of where the most severe threat of 
a tornado would be, it does not help with 
lengthening lead times. It only gives the 
viewer an idea of where the most significant 
threat of a tornado is (the red cone) and where 
a moderate threat of a tornado is (the yellow 
cone)(Figure 2) (Gaffner 2015).  
 
Figure 2- Tornado Vision Warning for Nov. 16th, 
2015 event. Red cones signal the significant threat of 
a tornado. Yellow cones signify only a moderate threat 
of tornado impacting the area (Gaffner 2015). 
On May 16, 2017, a tornado outbreak in 
Oklahoma showed that long lead times are 
possible. The forecasting of the event began 
on May 12, 2017, when the NOAA Storm 
Prediction Center had already identified the 
possibility for severe weather in the 
Oklahoma and Texas panhandle for May 16th. 
The planning in which forecasters made on 
May 12th allowed for places in Oklahoma to 
receive approximately ninety minutes of lead 
time before a tornado hit their area and not 
result in a false alarm based off observed 
weather information (NOAA 2017). This 
kind of forecast is called a Warn-On Forecast 
(NOAA 2017). Although there still was a 
death and people injured, this was the first 
time that NOAA and the National Weather 
Service successfully forecasted the 
development of a tornado using a Warn-on 
forecast (NOAA 2017).  
These two events produced two different 
outcomes. However, both have led to 
researchers to study the impacts of tornado 
warning lead times with more than thirty 
minutes. The ability to predict the 
development of tornadoes based on long-
range forecasts has been in development for 
the past two decades (Stensrud et al. 2009). 
Although the average lead time since 2002, 
has been around 17 minutes, longer lead 
times will provide more safety and 
awareness. 
Whether it is a Tornado Vision Warning or 
Warn-on forecasts the goal of both is to give 
the public more guidance about the 
forecasted development of tornadoes through 
lengthening tornado warning lead times. 
Using an extensive dataset from the Iowa 
Environmental Mesonet, the following 
questions will be analyzed for this research: 
1.) What is the frequency of verified radar 
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signatures that proved the forecasted 
development of the tornado necessitated this 
length of lead time like the event that took 
place in Oklahoma in 2017 2.)  What is the 
frequency of cases of 30 or more minute 
tornado warning durations will be unverified, 
like the Coppel, Texas event in 2012?  This 
research was done by analyzing nine verified 
cases of 30-minutes or longer tornado 
warning lead times and a dataset of cases with 
this length of lead time which did not produce 
a verified warning.  
This research intends to determine which 
cases necessitated to have a tornado warning 
lead time of 30 minutes or longer and which 
did not. Through examining several cases of 
both (verified or unverified), this research 
intends to determine if lengthening tornado 
warning lead times to approximately 30 
minutes or longer is plausible in the future.  
2. Data and Methods  
a. Case Selection 
Initially, a dataset of approximately 800 cases 
of tornado warnings with lead times of 30 
minutes or more was analyzed with the Valid 
Time Event Code (VTEC) browser from the 
Iowa Environmental Mesonet (Iowa 
Environmental Mesonet 2018). The initial 
dataset consisted of cases from across the 
United States during 2003-2018. From there 
the dataset was reduced to approximately 110 
random cases between 2014-2018 were 
identified in the region of interest (Midwest 
to Eastern Tennessee area) where most 
tornadoes occur in the United States (Fig. 3). 
 
Figure 3- This shows the region of interest where the 
800 initial cases were condensed to 110 cases during 
2014-2018. It encompasses the majority of the 
Midwest and as far east as Tennessee.  
Each of the 110 cases, from the region of 
interest (Figure 3), were further categorized 
as a verified (98 cases) or unverified (12 
cases) warning. A verified warning signified 
that during this 30 minute or longer time, the 
forecasted development of the storm that 
warranted the issuance of a tornado warning 
produced a verified tornado. Likewise, an 
unverified warning would be the exact 
opposite meaning that the first storm cell that 
led to the issuance of a tornado warning did 
not develop into a storm that produced a 
verified tornado as it was initially forecasted 
to do so.  
Next, the storm type of each of the verified 
cases (Figure 3) was identified. These were 
supercell (76 cases), a quasi-linear 
convective system (QLCS) (19 cases), and an 
unknown storm system (3 cases).  When the 
storm type was determined it allowed us to 
identify if the mesocyclone that warranted 
the warning needed time to produce a verified 
tornado, was in an environment that was 
capable of producing a tornado, or was in an 
area where the mesocyclone that produced 
the tornado was not the original one that 
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caused for a tornado warning. (For our 
research we would describe that last cause as 
an external storm.) 
The next step in our process was to analyze 
another dataset of cases of tornado warnings 
of at least 30 minutes in duration that did not 
receive any verification of tornado of 430 
cases from weather forecasting offices 
between 2014-2018 to match the timeframe 
of the cases analyzed in the earlier section. 
This dataset will give us a better 
understanding of how often these long lead 
times do not produce a verified tornado. 
b. Radar Analysis of Verified Tornado 
Warnings  
The initial dataset of 110 cases was narrowed 
down to nine verified cases from the Iowa 
Environmental Mesonet VTEC browser. 
Next, each cases Next Generation Radar 
Level II data was imported into Gibson Ridge 
2 Analyst for more enhanced analysis of the 
storms of these nine verified cases (Table 1).  
The cases (Table 1) identified as a supercell 
recognized how the storm evolved to produce 
a verified tornado. QLCS cases allowed us to 
determine if the original mesocyclone 
developed over time or because of its 
environment. Finally, the unknown storm 
type cases will be analyzed to determine if 
they morphed into either a supercell, QLCS, 
Table 1- This table shows the nine verified cases that were further analyzed in Gibson Ridge 2 Analyst. Each lists a 
weather forecasting office, warning issuance time, time when a verified tornado was spotted, warning expiration time. 
Also, the year the storm occurred, and storm type are given. 
WFO 
 Warning Issued 
(Date/UTC) 
Verified Tornado 
Spotted (Date/UTC) 
Warning 
Expired (UTC) 
Year Storm Type 
KMEG 
 2014-04-28 
15:33:00 
2014-04-28 16:10:00 
2014-04-28 
16:15:00 
2014 Supercell 
KMRX 
 2014-07-27 
16:11:00 
2014-07-27 16:58:00 
2014-07-27 
17:00:00 
2014 Supercell 
KFGF 
 2014-09-19 
17:45:00 
2014-09-19 18:19:00 
2014-09-19 
18:30:00 
2014 Supercell 
KDTX 
 2015-06-22 
20:44:00 
2015-06-22 21:22:00 
2015-06-22 
21:30:00 
2015 Unknown 
KTSA 
 2016-04-27 
00:41:00 
2016-04-27 01:12:00 
2016-04-27 
01:15:00 
2016 Unknown 
KTSA 
 2017-05-18 
23:34:00 
2017-05-19 00:07:00 
2017-05-19 
00:15:00 
2017 QLCS 
KDVN 
 2017-05-27 
16:40:00 
2017-05-27 17:22:00 
2017-05-27 
17:30:00 
2017 Supercell 
KHGX 
 2017-08-26 
19:40:00 
2017-08-26 20:23:00 
2017-08-26 
20:30:00 
2017 QLCS 
KMEG 
 2018-02-24 
18:30:00 
2018-02-24 19:02:00 
2018-02-24 
19:15:00 
2018 Supercell 
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or remained an unknown storm type over this 
time.  
c. Numerical and Statistical Analysis  
Statistical software was used to determine 
what number of verified tornado warnings 
were supercells, QLCS, or an unknown 
storm. It analyzed the probability that tornado 
warnings that necessitated this length of lead 
time will lead to either a verified or 
unverified warning. Finally, this analysis 
calculated the percentage of each storm type 
resulting in a verified tornado warning. 
Along with using statistical software for the 
dataset of tornadoes with at least 30-minute 
lead times, the dataset of unverified tornado 
warnings was analyzed to determine the 
distribution of how many of these reports 
happen each year during 2014-2018. It also 
calculated the average number of unverified 
tornado warnings per year, as well as the 
overall average for unverified tornado 
warnings during 2014-2018. Finally, the 
statistical software analyzed how likely the 
average amount of tornado warnings with a 
30 or more-minute duration would increase 
or decrease. 
3. Results 
a. Gibson Ridge Analysis of Verified Tornado 
Warnings 
As shown in the Data and Methods, nine 
cases (Table 1) of the initial 110 cases 
between 2014-2018, were analyzed using 
Gibson Ridge 2 Analyst. These cases were 
designated the storm type they resembled. 
The storm types were divided into supercell 
(5), QLCS (2), and unknown (2). Each 
showed the evolution of the storm from 
when the tornado warning was issued to 
when a verified tornado was spotted.  
Supercell storm cases were analyzed for this 
research by having radar images taken when 
the warning was issued, the rotation 
intensified, and when a verified tornado was 
spotted. The five verified supercell cases 
examined were from the radars in Memphis, 
TN (April 28, 2014 and February 24, 2018), 
Morristown, TN (July 27, 2014), Eastern 
North Dakota (September 19, 2014), and 
Davenport, IA (May 27, 2017) (Figure 4). 
Each locations’ radar imagery showed that 
the rotation that warranted the tornado 
warning always led to a verified tornado after 
30 minutes or longer. The clearest example of 
a supercell was the Davenport, Iowa case 
(Figure 4). The Davenport, Iowa supercell 
case proved that at the time the tornado 
warning was issued there was a significant 
amount of rotation, continued intensification 
of the storm at approximately the middle 
point of the warning, and after a little over 30 
minutes later, a verified tornado occurred 
(Figure 4). Therefore, it is highly likely that a 
storm that resembled a supercell would be 
plausible for it to have over 30 minutes of 
lead time based on the radar imagery of the 
Davenport, Iowa case, but a decisive 
conclusion cannot be made just off this case.  
More supercell storms will need to be 
examined to determine if this is true all the 
time with supercell storms when a lead time 
of over at least 30 minutes occurred.  
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Figure 4- This shows the evolution of a supercell 
through its base reflectivity and velocity at 16:40 UTC 
(top), 17:02 UTC (middle), and 17:22 UTC (bottom) 
of a supercell that produced a verified tornado caught 
by the Davenport, IA radar on May 27, 2017. 
 
 
 
 
 
QLCS cases were analyzed similarly to how 
supercells were analyzed. Unlike supercells, 
the storm's intensification was not visible 
throughout the warning. Two verified QLCS 
cases were investigated in Gibson Ridge 2 
Analyst to show if this type of storm would 
conclude that tornado warning lead times of 
over 30 minutes would be plausible. The 
QLCS cases were from radars in Tulsa, 
Oklahoma (May 18, 2017) (Figure 5) and 
Houston, Texas (August 26, 2017) (Figure 6). 
The top radar imagery of both Tulsa and 
Houston showed the initial rotation (Figure 5 
and Figure 6) of these QLCS cases that 
caused each tornado warning respectively. 
On both the Tulsa and Houston radars, the 
initial mesocyclone structure disappeared at 
approximately the middle point of our 
analysis (Figure 5 and Figure 6). The loss of 
rotation was evident more on the Tulsa radar 
due to the tornado from the QLCS on the 
Houston radar being embedded by Hurricane 
Harvey. However, on both the Tulsa and 
Houston radars, rotation did return on each 
radars imagery and aided the storm in 
producing a verified tornado by the end of the 
30 minutes or longer timeframe (Figure 5 and 
Figure 6). 
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Figure 5- This shows the evolution of a QLCS through 
its base reflectivity and velocity at 4:34 UTC (top), 
4:43 UTC (middle), and 5:08 UTC (bottom) that 
produced a verified tornado caught by Tulsa, OK radar 
on May 18, 2017. 
 
 
 
 
 
Figure 6- This is the velocity and reflectivity from the 
Houston, TX radar during Hurricane Harvey on 
August 26, 2017. It shows the radar imagery of the 
QLCS storm at 19:40 UTC (top), 19:59 UTC (middle) 
and concluding with when rotation returned and 
produced a tornado at 20:26 UTC (bottom).  
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Finally, two cases were determined to have 
an unknown storm type when they were 
initially analyzed using the VTEC browser 
from the Iowa Environmental Mesonet and 
then examined in Gibson Ridge 2 Analyst to 
determine if during the approximate 30-
minute or longer timeframe the storm 
evolved into either a supercell or QLCS or 
just remained as an unknown storm type. 
The two unknown cases analyzed were from 
the radars in Detroit, Michigan (June 22, 
2015) (Figure 7) and Tulsa, Oklahoma 
(April 27, 2016) (Figure 8).  
As alluded to earlier, one reason the storm 
type could be designated as unknown is due 
to what we called an external storm. An 
example of this was the the event that was 
shown by the Detroit, Michigan radar 
(Figure 7). The top radar image showed the 
rotation that triggered a tornado warning 
was not the rotation that produced the 
tornado (Figure 7). The middle image 
showed the external rotation that caused the 
tornado came from a mesocyclone that 
exhibited characteristics of a supercell 
outside the tornado warned area (Figure 7). 
Finally, according to the bottom radar image 
(Figure 7), the external rotation intensified 
and did produced a verified tornado.   
The Tulsa, Oklahoma (Figure 8) unknown 
storm case was slightly different from the 
Detroit, Michigan case because it was an 
example of how some specific storms that 
receive tornado warnings are warned upon 
because of their environment. In this case, 
the environment showed some rotation 
initially in the top image; however, it did not 
show the rotation at the middle point of the 
timeframe was less defined, but eventually, 
there was enough rotation to produce a 
verified tornado according to the bottom 
image (Figure 8). This case exhibited the 
same characteristics as we saw in our QLCS 
cases. However, it was difficult to say for 
sure it was eventually a QLCS because the 
verified tornado was spotted near the 
maximum ambiguous range (is the 
maximum distance radar energy can travel 
between pulses and produce valuable 
information) for the Tulsa, Oklahoma radar.  
 
Figure 7- This shows the evolution of an unknown 
(external) storm through its base reflectivity and 
velocity at 20:44 UTC (top), 21:05 UTC (middle), and 
21:23 UTC (bottom) that produced a verified tornado 
caught by the Detroit, MI radar on June 22, 2015. 
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Figure 8- This figure is from the tornado warning that 
was issued shown on the Tulsa, OK radar on April 27, 
2016.  It shows the evolution of the storm through the 
radar imagery of its base velocity and reflectivity at 
00:41 UTC (top), 00:48 UTC (middle), and at 01:13 
UTC (bottom) when the rotation returned and 
produced a verified tornado. 
 
 
b. Statistical Analysis 
After the dataset was condensed to the nine 
verified cases (Table 1) that were furthered 
analyzed in Gibson Ridge 2 Analyst, 
numerical analysis was conducted on the 
initial 110 cases between 2014-2018. The 
numerical analysis estimated how often 30 
minutes or longer lead times resulted in 
verified tornado warnings.  This analysis also 
determined what number of these storms 
were supercells, QLCS, or unknown for 
every year the dataset included and what was 
the percentage for each storm type during 
2014 until early 2018 (Figure 9).  The heat 
map (Figure 9) resulted in showing the 
number of verified tornado warnings 
associated with supercells occurred more 
frequently per year than QLCS or an 
unknown storm type. According to the initial 
dataset (excluding 2018 due to limited 
number of verified warnings), there were 
approximately 20 supercells a year that 
resulted in a verified tornado warning, QLCS 
cases which resulted in a verified tornado 
warning occurred less than ten times a year 
and verified tornado warnings from unknown 
storm types only happened rarely 
(approximately once a year) (Figure 9). After 
the heat map was analyzed (Figure 9) more 
numerical analysis was conducted on the 
initial 110 cases during 2014-2018. It found 
that approximately 78% of the verified 
tornado warnings came from supercells, 19% 
came from QLCS cases, and 3% came from 
an unknown storm type (Figure 10).  
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Figure 10- This is a pie chart showing the percentage 
of each storm type that resulted in a verified warning 
during 2014-2018. 
For comparison, a dataset consisting of 430 
yearly reports from weather forecasting 
offices across the United States of the number 
tornado warnings that each office missed that 
were at least 30 minutes in duration and did 
not produce a verified tornado was analyzed 
as well. A box and whisker plot (Figure 11) 
were used to show the trend of the average 
number of these cases between 2014-2018.  
 
Figure 11- This box and whisker plot shows the 
distribution of yearly reports of unverified tornado 
warnings from weather forecasting offices in the 
United States during 2014-2018.  
This graph gave an idea of the distribution of 
the unverified tornado warnings each weather 
forecasting office reported each year. The 
box and whisker plot also allowed for the 
overall average of unverified tornado 
warnings (Table 2) and average unverified 
Figure 9- This heat map shows the number/probability of verified tornado warnings from QLCS, supercell, and 
unknown storms per year during 2014-2018. Blue on the map represents a low probability of the storm type resulting 
in a verified warning, red on the map is the exact opposite.   
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tornado warnings per year (Appendix A) to 
be calculated using statistical software.  After 
analyzing the box and whisker plot, it 
concluded that the average amount of 
unverified tornado warnings was around ten 
per year (Table 2) based on the combined 
statistics from the past five years. The overall 
statistics (Table 2) from the box and whisker 
plot (Figure 11) resulted in a 95% confidence 
level of the average number of unverified 
tornado warnings either will increase to 
approximately 11 unverified warnings per 
year or will decrease to nine unverified 
warnings per year in the future.  
Table 2- This shows the overall statistics of 
unverified tornado warnings from weather 
forecasting offices (WFO) of when a tornado warning 
had 30 minutes in duration.  
Mean 9.58 
Std Dev 478.25 
Std Err Mean 0.51 
Upper 95% Mean 10.58 
Lower 95% Mean 8.57 
N 430 
 
4. Conclusion and Discussion  
In both the condensed dataset of 110 cases of 
tornado warning lead times of over at least 30 
minutes, as well as the nine cases that were 
chosen for radar analysis, there was one 
outcome that was conclusive. If a storm 
exhibits the characteristics of a supercell and 
results in a verified warning, lengthening 
tornado warning lead times to at least 30 
minutes is a very realistic possibility. The 
other two storm types, QLCS and unknown, 
did not result in this same conclusion. After 
conducting visual and statistical analysis on 
these cases, this analysis resulted in it being 
hard to determine if the initial rotation of 
these storms was the cause for the verified 
tornado and QLCS and unknown storms have 
a smaller likelihood to produce a verified 
tornado. These conclusions are very plausible 
for this timeframe (2014-2018); however, 
they are not entirely conclusive.  
These conclusions are not convincing due to 
the lack of understanding of why the initial 
rotation from a QLCS disappears during 
tornado warnings of approximately 30 or 
more minutes in duration means there 
cannot be a clear justification of increasing 
lead times yet. The most logical explanation 
may be due to how chaotic QLCS cases are, 
however, this may not be the definitive 
reason.  Along with analysis of more QLCS 
cases, the more unknown storm cases that 
are analyzed would prove vital to form a 
more cohesive conclusion through 
determining if these storms morphed into 
either a supercell or QLCS during these 
warnings. As alluded to earlier, continued 
research should look to see if these storms: 
1) kept their original rotation or 2) were 
from a storm outside the initial tornado 
warning. Therefore, if future analysis leads 
to more verified warnings from QLCS or 
unknown storm cases, then it would lead to 
a better understanding of how to forecast 
their development.  
Although more radar and statistical analysis 
would be beneficial to the forecasting the 
development of these storms that warranted 
long lead times, there have been a couple of 
arguments raised that could put the idea of 
lengthening lead times on hold. The first 
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argument is how to justify that a tornado 
received 30 minutes of lead time. For 
example, if there were two tornado warnings 
side-by-side to one another and a tornado was 
verified in the initial warning and propagated 
into the warning that was right next to the 
initial warning, did this tornado have a lead 
time of 30 minutes when it was moved into 
the warning next to the initial warning? The 
second argument is due to another aspect of 
forecasting receiving more emphasis 
recently. Brooks and Correia (2018) found 
since 2012; there has been increased 
emphasis on the false alarm rate compared to 
lengthening lead times. They concluded this 
was due to the reduction in the number of 
tornado warnings issued and the duration of 
such warnings. Therefore, due to the research 
about false alarm rate, the average length of 
tornado warnings has been decreasing from 
41 minutes to 30 minutes (Hoekstra et al. 
2011, Brooks and Correia 2018), in turn, 
causes the research of increasing lead times 
from approximately 15 minutes (Simmons 
and Sutter 2008) to be put on hold. Despite, 
as alluded in the first section of this paper, the 
general public preferring a lead time of 34 
minutes (Hoekstra et al. 2011). 
30-minute tornado warning lead times are 
possible despite the arguments that arise from 
this topic; however, there still needs to more 
research on this topic. The research in this 
paper showed that supercell storms have the 
best likelihood in producing verified 
tornadoes when lead times were at least thirty 
minutes compared to QLCS or unknown 
storms. However, this research did not 
investigate the relationship between lead 
times and false alarm rate nor did it 
investigate why lead times are struggling to 
increase over 15 minutes recently. These are 
two of the numerous avenues of this research 
that remain unknown. Hence, the unknown 
avenues in researching lengthening tornado 
warning lead times should be further 
researched to aid in forecasting the 
development of storms which have the 
capability of producing verified tornadoes in 
the future.  
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Year 
  
Number of 
Unverified 
Tornado 
Warnings 
 
Mean 
 
Std Dev 
 
Std Err 
Mean 
Lower 95% 
Mean 
 
 
Upper 95% Mean 
2014  88 9.66 9.21 0.98 7.71 11.61 
2015  90 10.43 13.00 1.37 7.71 13.15 
2016  89 9.17 9.44 1.00 7.18 11.16 
2017  85 12.46 12.70 1.38 9.72 15.20 
2018  78 5.82 6.28 0.71 4.40 7.24 
APPENDIX A-This table shows the yearly average number of unverified tornado warnings from 
the weather forecasting offices during the time of this research (2014-2018). This table also lists 
the standard deviations for each year and the mean lower and upper 95% confidence levels.  
